INTRODUCTION partially purified MPF from mature Xenopus oocytes and observed GVBD and first polar body formation In most animals, fully grown oocytes in the ovary after the microinjection of MPF into mouse immature are naturally arrested at prophase of the first meiotic (GV-stage) oocytes. division, and meiosis is resumed by cytoplasmic activation. Then oocytes proceed through meiosis II, arresting at metaphase as unfertilized eggs. Meiotic MATERIALS AND METHODS maturation is necessary for the oocytes to be fertilized Purification of MPF (11,12) 1 
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Xenopus laevis females were injected with 100 IU School of Medicine; 6-11-1, Ohmori-nishi, Ohta Word, Tokyo, 143, Japan. pregnant mare serum gonadotropin (PMSG; Teikoku Zoki, Tokyo) 96 hr before an injection of 750 IU Assay of MPF Activity in a Cell-Free System human chorionic gonadotropin (hCG; Teikoku Zoki, MPF activity was assayed by serial dilution with Tokyo). In the evening before our experiments, they 100 mM sodium-glycerophosphate, 20 mM HEPES, were injected with hCG and placed in tap water con-15 mM MgCl 2 , 5 mM EGTA, and 1 mM DTT. It was taining 0.1 M NaCl. Eggs were collected, dejelled in defined as the minimum amount required to cause 2% cysteine, and washed well with 50 mM Tris-HCl.
nuclear envelope breakdown and chromosome condenDejelled Xenopus eggs were washed with improved sation after the incubation. We assayed the same sam-MPF extraction buffer consisting of 15 mM MgCl 2 , ple four times. A 6-l aliquot of extract was added to 20 mM HEPES, 80 mM ␤-glycerophosphate, 20 mM the same amount of the sample, and the mixture was EGTA, 50 mM NaF, 1 mM dithiothreitol (DTT), 20 mM incubated for 2 hr at 19ЊC. It was mixed with an equal ␣-naphthyl phosphate, 0.3 mM phenylmethylsulfonyl volume of a 4Ј,6Ј-diamidine-2-phenylindole solution fluoride (PMSF), 3 g/ml leupeptin, and 1 mM ATPon a glass slide and observed with an opiphotomicro␥s. Eggs were crushed by centrifugation at 15,000g scope. for 15 min. The material between the lipid cap and the pellet was centrifuged at 100,000g for 4 hr after the addition of 3.8 M (NH 4 ) 2 SO 4 .
Collection and Culture of Immature Mouse After removal of the supernatant, the precipitate Oocytes was suspended in dialysis buffer (DB: 100 mM ␤-glycerophosphate, 15 mM MgCl 2 , 5 mM EGTA, 20
ICR female mice 8-10 weeks old were induced to superovulate by intraperitoneal injections of 5 IU mM HEPES, 1 mM DTT, 0.3 mM PMSF), dialyzed in DB for 12 hr, and stored at Ϫ80ЊC.
PMSG 42-48 hr before the removal of their ovaries. Mice were kept in the light for 12 hr and in the dark for 12 hr. We used several kinds of medium: HTF medium Preparation of Demembranated Sperm Nuclei (Irvine Scientific, USA), HTF medium supplemented with 150 g/ml dibutyryl cyclic adenosine-3Ј5Ј-monoTestes were collected from male Xenopus laevis phosphate (dbcAMP) (cAMP-HTF medium), HTF and broken into pieces. After centrifugation with 70% medium containing 21.0 mM HEPES (mHTF medium; Percoll solution at 5000g for 10 min, sucrose buffer Irvine Scientific), and mHTF medium supplemented (SB) consisting of 0.2 M sucrose, 2.5 mM MgCl 2 , and with 150 g/ml dbcAMP (cAMP-mHTF medium). 10 mM HEPES was added, and the mixture centrifuged These were supplemented with 3 mg/ml BSA. Oocytes at 5000g for 15 min. The supernatant was removed, were cultured at 37ЊC in a humidified atmosphere of and 0.5 mg/ml lisolecitine and 100 g/ml leupeptin 5% CO 2 in air. were added to the pellet. After the addition of SB The mice were sacrificed by cervical dislocation containing 3% bovine serum albumin (BSA), the mateand the ovaries were removed in cAMP-HTF medium. rial was centrifuged at 5000g for 15 min. The demem-
The preovulatory large antral follicles were punctured branated sperm nuclei were centrifuged at 5000g for with fine forceps in cAMP-HTF medium under a light 15 min after the addition of 0.4% BSA.
microscope. Immature oocytes with cumulus cells were collected in the same medium. Cumulus cells were removed from oocytes by gently repeated pipetting of the cumulus-oocyte complex through Preparation of Extracts Causing Pronuclear finely drawn pipettes, washed several times, and Formation pooled in cAMP-HTF medium. A total of 100 oocytes was used in five separate Dejelled eggs were washed in pronucleus extraction buffer consisting of 0.1 M KCl, 5 mM MgCl 2 , 20 mM experiments. For all study groups, morphologically normal oocytes were those containing a fully grown HEPES, 2 mM ␤-mercaptoethanol, 0.3 mM PMSF, and 3 g/ml leupeptin and were crushed by centrifugation germinal vesicle (GV) in the center of the cytoplasm, and with a uniform color and distribution of the cytoat 15,000g for 15 min. The lipid cap and the pellet were removed, and cytochalasin B was added to a final plasm. GVBD and degenerated oocytes were excluded from the experiment. concentration of 50 g/ml. The extract was centrifuged again at 15,000g for 15 min, and the supernatent was Mouse GV-stage oocytes obtained in cAMP-HTF medium were left in cAMP-mHTF medium under minincubated with the nuclei for 1 hr at 19ЊC. eral oil for 25 min at 17-18ЊC and for 10 min at room inserted through the zona pellucida in the 3 o'clock position, deep into the ooplasm to avoid injury to the temperature. Immediately after that, the oocytes were cultured in either HTF medium (HTF group) or cAMP-GV. The oocytes were injected with 10-20 pl of cAMP-mHTF medium (cAMP-mHTF group) or MPF HTF medium (cAMP group) in a CO 2 incubator (37ЊC, 5% CO 2 , 95% air) for 24 hr. At various times during (MPF group) in cAMP-mHTF medium under mineral oil at 17-18ЊC in the atmosphere. After microinjection, incubation, oocytes were examined under a phasecontrast microscope for GVBD and emission of the oocytes were left in cAMP-mHTF medium under mineral oil for 25 min at 17-18ЊC and 10 min at room first polar body.
temperature. Immediately after that, the oocytes were cultured in cAMP-HTF medium in a CO 2 incubator Microinjection with cAMP-mHTF Medium and (37ЊC, 5% CO 2 , 95% air) for 24 hr. At various times MPF (Fig. 1) (13) during incubation, oocytes were examined under a phase-contrast microscope for GVBD and emission of The outer and inner diameters of micropipettes were 75 and 15 m for holding, respectively, and 5 and 2-3 the first polar body. For statistical analysis Student's t test was used to m for injection, respectively. The movements of the micropipettes were controlled by Narishige NT88 determine significance. micromanipulators that were mounted on a Nikon inverted microscope (TMD300-2).
Oocytes were immobilized by the holding pipette RESULTS in the 9 o'clock position, and the injection pipette was
Assay of MPF Activity
MPF activity became evident with the induction of chromosome condensation and nuclear envelope breakdown, and MPF inactivity became evident with the induction of nuclear envelope assembly and chromosome decondensation in the demembranated Xenopus sperm nuclei (Fig. 2) . The activity was decided after 32ϫ dilution (Table I) .
In Vitro Spontaneous Maturation of Mouse GVStage Oocytes (HTF Group)
This experiment was undertaken to determine the in vitro maturation of mouse GV-stage oocytes removed from the ovaries. The results are presented in Figs. 2 and 3. About half of the GV-stage oocytes underwent GVBD at 1 hr (48.0%). After that, the percentage increased gradually, and 95.0% of the oocytes had undergone GVBD by 24 hr (Fig. 3) . They began to extrude the first polar body within 3-4 hr (8.1% at 4 hr) and had increased suddenly at 5-6 hr. At 24 hr, 74.6% of oocytes had undergone first polar body formation (Fig. 4) . The degeneration rate of the oocytes was 2.0% at 24 hr. GV-stage oocytes (Figs. 3 and 4) . The GV-stage through micromanipulation. The GV-stage oocytes hardly underwent GVBD (2.2% at 24 hr) and extruded oocytes underwent low-level GVBD (3.1% at 24 hr) and extruded their first polar body within 24 hr (1.1% their first polar body within 24 hr (1.1% at 24 hr) (Figs. 3 and 4) . The degeneration rate of the injected at 24 hr).
At all time points, the percentage showing GVBD oocytes was 6.1% 24 hr after microinjection. and first polar body formation was significantly higher for the HTF group compared with the cAMP group In Vitro Maturation of Mouse GV-Stage Oocytes (P Ͻ 0.0001) (Figs. 3 and 4) . The degeneration rate of Injected with MPF (MPF Group) the oocytes was 3.0% at 24 hr. There was no significant difference between the HTF and the cAMP group.
In a preliminary experiment, 30 oocytes were injected with Buffer A. However, no immature oocytes Effect of dbcAMP on GVBD and First Polar were induced to undergo GVBD or first polar body Body Formation of Mouse GV-Stage Oocytes formation.
Injected with Medium Containing dbcAMP
The effect of microinjection with MPF extracted (cAMP-Med Group) from unfertilized Xenopus eggs on GV-stage oocytes maturation in vitro was then examined. Oocytes began This experiment was undertaken to determine whether the GV-stage oocytes matured spontaneously to undergo GVBD at 1 hr after microinjection (44.4% at 1 hr). After that the rate rapidly increased between 2 and 6 hrs, and 90.5% of the oocytes underwent injected oocytes was 6.0% at 24 hr after microinjection. There was no significant difference between the MPF between the MPF and the HTF groups. There was also no significant difference between these groups in first and the cAMP-Med groups.
There was no significant difference between the polar body formation rate within 3 hr, but from 4 hr the rate in the MPF group was significantly higher GVBD and the degeneration rate at any time point than that in the HTF group (P Ͻ 0.001 within 6 hr dbcAMP were required to induce oocyte maturation (17) . and P Ͻ 0.005 between 12 and 24 hr).
While each MIS is species-specific, MPF acts in a non-species-specific manner and appears to play a key role in promoting M-phase within the cytoplasm of all DISCUSSION eukaryotic cells regardless of whether they are undergoing meiosis or mitosis (2) . In almost all mammals, immature oocytes are In the process of the oocyte maturation, the mechanism of regulation of release from prophase arrest in released from prophase arrest when they are cultured in vitro. Mouse immature oocytes underwent GVBD fully grown immature oocytes is species-specific. The onset of oocyte maturation is triggered by maturationspontaneously after 8 to 10 hr of incubation and most oocytes have emitted the first polar body by 16 to 24 inducing substance (MIS), which is found in follicle cells surrounding oocytes in the ovary. MIS has been hr (18). In the present study, 95.0% of mouse immature oocytes underwent GVBD spontaneously and 74.6% identified as 1-methyladenine in starfish and progesterone in amphibians but has not been identified in mamof oocytes emitted the first polar body after 24 hr of incubation. malian oocytes. MIS is produced by follicle cells following stimulation by gonadotropins and acts
In mammalian oocytes, the presence of MPF has been found by the transfer of MPF from donor cell to directly on the immature oocyte surface to produce a cytoplasmic factor called MPF. MPF induces GVBD recipient cell between different species using microinjection techniques (8) (9) (10) . However, few studies have and subsequent maturational events within oocytes, and its activity changes through the meiotic cycle: MPF examined the microinjection of purified or partly purified MPF. In the present study, we observed GVBD reaches a peak at the first metaphase and disappears at the first polar body emission. Then MPF reappears and first polar body formation after the microinjection of MPF into mouse immature oocytes treated with and reaches a peak again at the second metaphase. Oocyte maturation is arrested again at the second metacAMP to inhibit spontaneous maturation. Our results suggest that the resumption of prophase arrest was phase in vertebrate animals, but this arrest is released by fertilization.
induced by injection of MPF extracted from Xenopus mature oocytes, however, it is possible that the maturaThe resumption of oocyte maturation from the first metaphase can be inhibited by oocyte maturation inhibtion was induced not only by the exogenous MPF of Xenopus oocytes but also by the endogenous MPF of itor (OMI), which has a molecular weight of 2 kD. OMI is released from granulosa cells, and OMI acts mouse oocytes. However, maturation was not due to physical manipulation or the phosphodiesterase-conon the cumulus-oocyte complex. The inhibition of oocyte maturation by OMI is reversible and is released taining Buffer A, because it was not induced by microinjection with HTF medium supplemented with by the inhibition of OMI (14).
The inhibition of in vitro maturation of immature dbcAMP and Buffer A (19) . From our results, there is the possibility that the oocytes by cyclic AMP (cAMP) and phosphodiesterase inhibitor has been extensively investigated. Cho et al.
maturation of mammalian oocytes can be induced by the microinjection of MPF extracted from other spereported that 100 g/ml dibutyryl cAMP (dbcAMP) inhibited the in vitro maturation of mouse immature cies. Furthermore, it is possible that we might be able to apply MPF to assisted reproductive technology if oocytes (15). We confirmed the inhibition of spontaneous oocyte maturation by cAMP. GV-stage oocytes MPF were purified much more and we solved many problems, for example, ethical issues and DNA conunderwent low-level GVBD (3.1% at 24 hr) and extrusion of their first polar body (1.1% at 24 hr). However, tamination of another species. Lindner et al. reported that the intracellular levels of cAMP in the immature mouse oocytes increased and the oocytes matured when the oocytes were liberated ACKNOWLEDGMENTS from antral follicles and cultured in the presence of LH (16). They could induce oocyte maturation by
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